ABSTRACT. Grape juice, in addition to being an energetic food, due to its high sugar content, has several compounds that can prevent or treat various types of diseases. Resveratrol is a compound present in grapes that has attracted a lot of interest; in addition to preventing cardiovascular disease linked to lipid metabolism, it has chemopreventive and chemotherapeutic activities. We evaluated the antimutagenic activity and determined the trans-resveratrol content in grape juice from the varieties Vênus, BRS Violeta and Isabel. The grape juices from the three cultivars and the resveratrol solution were tested in the methG1 system in Aspergillus nidulans. The conidia from the biA1methG1 strain were treated for 4 h in 10% grape juice (v/v). After washing, the conidia were placed in selective media to analyze survival and mutations. The standard resveratrol solution and the grape juice of the cultivar Isabel, both with a trans-resveratrol content of 1 mg/ mL, presented antimutagenic potential in this test system because the frequency of mutation of the treatments was significantly lower than the frequency of spontaneous mutation. However, grape juice from Evaluation of antimutagenicity of grape juice the varieties Vênus and BRS Violeta, both with a lower quantity of trans-resveratrol, gave weak antimutagenic activity in this test system because the frequency of mutation of the treatments was significantly higher than the frequency of spontaneous mutation.
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INTRODUCTION
The search for natural compounds with preventive and curative potential has grown in recent decades, mainly after encouraging results of nutrigenomic works, which have significantly contributed to furnishing information that increases the understanding of how nutrients modulate gene expression and thus influence the cellular metabolism of organisms (Stover, 2004; Afman and Müller, 2006) . Thus, it is evident that diet can help prevent and treat diseases and maintain genomic stability, since some dietary compounds can promote the detoxification of mutagens/carcinogens, as well as the synthesis and repair of DNA and apoptosis (Paolini and Nestlé, 2003; Pereira et al., 2005) .
The compounds to which possible therapeutic actions have been attributed are known as phenolic compounds. The quantities of total phenolic compounds and anthocyanins in grapes vary according to the species, variety, maturity, and climatic conditions (Kanner et al., 1994; Mazza, 1995) .
Grape juice, especially the derivatives of the red grape cultivars, is also a source of phenolic compounds, for example, catechin, epicatechin and anthocyanidin. However, in juices, the quantities of these compounds vary according to diverse factors such as the method of preparation chosen, pressing yield, time and temperature of maceration, stabilization and filtration. Hot extraction contributes to a higher concentration of phenolics in the juice (Arnold et al., 1980; Creasy and Creasy, 1998; Frankel et al., 1998) . However, the use of high temperatures during extraction, pasteurization and storage can cause losses in the quantity of phenolic compounds, mainly due to the degradation of anthocyanins (Dergal et al., 1993) .
Resveratrol was found in scientific studies to be the main health-protective factor found in wines and grape juice. It is a phytoalexin from the class of stilbenes and therefore a non-flavonoid phenolic compound, naturally found in many plants (not exclusively in fruit) to protect them from microorganisms such as fungi. In grapes, it can be found in the skin and in substantial quantities in the pulp, rachises, vine leaves and even in the seeds, with the highest concentration in the skin, which contains 50-100 micrograms per gram (Jang et al., 1997; Penna and Hecktheuer, 2005) .
According to Amerine and Joslyn (1987) , in the grape, the rachis contains 1 to 4%, the skin about 1 to 2% and the seeds 5 to 8% phenolic compounds, such as resveratrol. The most abundant sources of these compounds are the varieties Vitis vinifera, V. labrusca and V. muscadine (Waterhouse, 1995) .
Studies demonstrate that since resveratrol is an antioxidant, it blocks reactions with free radicals that promote the aging process of tissues in the human body, as well as the appearance of different forms of cancer. It is considered responsible for anticancer activities, blocking the development of neoplastic processes and acting in the three stages of cancer (initiation, promotion and progression) (Stavric, 1994; Jang et al., 1997) .
The daily ingestion of 125 to 480 mL juice from red grapes, especially the varieties of Vitis vinifera, is capable of increasing antioxidant activity (Day et al., 1997; Osman et al., 1998; Freedman et al., 2001; O'Byrne et al., 2002) . It also has the capacity to decrease the incidence of cardiovascular diseases and inhibit tumor processes by reducing oxidative damage to DNA (Sánchez-Moreno et al., 1999; Vinson et al., 2001; Singletary et al., 2003; Park et al., 2003) .
In vitro assays have shown that grape juice reduces the oxidation of low-density lipoprotein cholesterol and improves endothelial function, increasing the vasodilation of the brachial artery and the mean blood flow in patients with coronary heart disease. In animal models, the daily consumption of grape juice decreased hypercholesterolemia and reduced the initiation of atherosclerosis (Stein et al., 1999; Shanmuganayagam et al., 2007) .
The objective of the present study was to evaluate the antimutagenic activity of three varieties of grape (Vênus, BRS Violeta and Isabel), using the methG1 system in Aspergillus nidulans, and to relate this property to trans-resveratrol content determined by liquid chromatography.
MATERIAL AND METHODS
The juices were made from three grape varieties: Vênus ( After the harvest, the grapes were washed in water and healthy-looking ones were selected. After draining the excess water, the juice was made according to the method described by Rizzon (1998) , using an 18-kg juice extractor in which the juice is steam-extracted by means of a small gas stove. The grapes were placed (with seeds) in the juice extractor. After 30 min, the juice sample was placed in 500-mL bottles previously sterilized. The containers were then closed with a plastic cap and submitted to pasteurization for 20 min. They were then covered with aluminum foil and stored at 4°C.
The juice samples were centrifuged at 10,000 rpm for 10 min and filtered through a cellulose membrane (0.45-μm pore size), using a vacuum pump. A 20-μL aliquot of each sample was injected in a chromatograph.
The standard used to construct the analytical curve was trans-resveratrol. A calibration curve (concentrations of 0.1, 2.5, 5.0, and 10.0 mg/L) was built to analyze the juice of Vênus and BRS Violeta grapes. The calibration curve for the Isabel grape included the following concentrations: 0.1, 1.0, 2.5, 5.0, and 10.0 mg/L.
Resveratrol was quantified by high-performance liquid chromatography, according to Souto et al. (2001) . The equipment used to analyze the juices of the grapes BRS Violeta and Vênus was a Star chromatography workstation (Varian Instruments) consisting of: a reciprocating piston pump (model 240), operating isocratically with an automatic Varian injector (ProStar 410 Autosampler) equipped with a 20-µL sample loop, and a spectrophotometric diode array detector (model ProStar 350 with the PolyView program). The chromatographic column used was the RP-18 microsorb C18 (250 mm x 4.6 mm, 5 µm). The mobile phase was composed of acetonitrile:water (25:75), pH 3.0, adjusted with phosphoric acid (H 3 PO 4 ) (Merck, flow rate of 1.5 mL/min). The resveratrol peak was detected at 306 nm.
The Shimadzu chromatograph was used to analyze the juice of the Isabel grape. This equipment has the data acquisition system LC Workstation -CLASS A-VP containing a double-reciprocating piston pump (LC-10ATvp-228-39001-92); a forced air-circulation-type column oven (CTO-10Avp-228-34610-92); a Rheodyne manual injector coupled to a 20-µL sample loop; and a UV-visible detector (SPD-10AVvp-228-39301-92), with deuterium (190-370 nm) and tungsten (371-900 nm) lamps. The signals of the compounds were monitored at 306 nm.
The identification of the trans-resveratrol was based on the UV peak retention times, with the purity of the peaks confirmed through the use of a diode array detector. The quantification of resveratrol was made by external standardization, which resulted in calibration curve formulas for trans-resveratrol of y = -87499.10071 + 627364.79562x (r = 0.99977) for Vênus and BRS Violeta cultivars and y = -7895.1121 + 89532.27745x (r = 0.99987) for cultivar Isabel (in mg/L). The detection (3X) and quantification (10X) limits were obtained by the signal/ noise ratio.
The haploid strain used for the mutagenicity and antimutagenicity tests, biA1methG1, was originated in Glasgow (Scotland) and is a biotin and methionine auxotroph (Lilly, 1965) .
The strain biA1methG1 was grown on complete medium (CM) for conidium production. The selective medium (SM) for analysis of the mutants was the minimal medium (MM), supplemented with biotin (0.02 μg/mL). The medium for the survival test (selective MM -SMM) was prepared using the same composition of the SM plus methionine (50 μg/mL).
Five-day-old conidium colonies grown on CM at 37°C were suspended in a 0.1% Tween 80 solution in water, vortexed for 5 min, and filtered through a sterile glass fiber filter. The conidium solution was divided into six samples: the control (C) without grape juice, and five treatments (Vênus juice, BRS Violeta juice, frozen Isabel juice, fresh Isabel juice) (10%, v/v) and a standard solution of 1 mg/mL resveratrol (10%, v/v). The treatment lasted 4 h.
After three centrifugations and resuspensions in water to remove the treatment (juice and resveratrol solution), each sample was placed in the SM. As regards survival analysis, the original sample was diluted, added to 10 SMM plates for each sample (control and treatments) and incubated for 3 days at 37°C. In the case of mutant analysis, 10 SM plates were inoculated with original samples and incubated for 5 days at 37°C. Each experiment was carried out three times.
The number of viable conidia per milliliter of suspension of each sample was obtained by the mean count of colonies in each group of 10 SMM plates. The mutation frequency was the ratio between the total number of colonies of each group of 10 SM plates (mutants per mL) and viable conidia per milliliter. Each grape juice treatment and resveratrol solution was analyzed by determining the average survival and mutation frequencies of the three repetitions.
The criterion for the positive/negative conclusion for mutagenesis was the linear correlation between mutation frequency and the logarithm of the survival fraction, described by Munson and Goodhead (1977) , adapted for the methG1 test by Scott et al. (1982) .
The control values result in two linear slopes m C ' and m C ''. The treatment values result in a linear slope m T . If m T > m C '', the treatment is considered mutagenic; if m C ' < m T < m C '', the treatment has a questionable positive effect; if m T < m C ', the treatment has no mutagenic effect in this test.
This test was adapted to antimutagenic analysis by Rodrigues et al. (2003) . 
RESULTS
The analytical curve for trans-resveratrol exhibited good linearity for the injection of 20 µL. The detection (3X) and quantification (10X) limits were obtained by the signal/noise ratio. Figure 1 shows the amount of trans-resveratrol in different grape cultivars. The data indicated that the Isabel cultivar contained a larger amount of trans-resveratrol than Vênus and BRS Violeta.
The methionine system results showed that the Vênus and BRS Violeta juices were mutagenic because the treated conidia displayed lower viability levels and higher mutation frequencies compared to control values (Table 1 ). Statistical analysis showed that m T values were significantly higher than m C values (Table 2) .
Isabel frozen and fresh juices and resveratrol solution produced antimutagenic results because the treated conidia had higher viability levels and lower mutation frequencies compared to control values (Table 1) . m C values were significantly higher than the m T values ( 
DISCUSSION
Resveratrol acts as a chemopreventive agent, inhibiting tumorigenesis, the formation of free radicals and cyclooxygenase. Resveratrol has expressed an anticarcinogenic effect in a culture of rat breast cells (Spanos et al., 2006) . Different mechanisms for these protective effects have been proposed, such as induction of apoptosis by means of modulation of cellular signaling and regulators of the cell cycle, and inhibition of enzymes with an essential function in cell proliferation (topoisomerase I), although these protective mechanisms are not totally understood (Stagos et al., 2006) .
Despite the medicinal properties of wine, its alcohol content limits its consumption. In this respect, grape juice is an alternative because it is composed of the same therapeutic substances as wine without the addition of alcohol. In addition, the antioxidants in grape juice stay in the body longer than those in wine (Bell et al., 2000) .
According to Lehmann et al. (2000) , with the increase in the consumption of foods containing chemopreventive components, it may be possible to improve protection against the damage caused by mutagenic and carcinogenic compounds. This has led to an increased interest in the possible antimutagenic effects of natural products or chemical compounds and, consequently, an increase in studies in this area.
The initial objective of the present research was to compare grape juices with different levels of resveratrol concentration and their antimutagenic potential. However, two of the culvivars analyzed showed mutagenic properties.
Studies evaluating the antimutagenic activity of grape juice are conflicting. The results of one of them have recently demonstrated that the juice produced using the conventional and organic system was antimutagenic at a concentration of 10% (v/v), but mutagenic at 50% (v/v) (Dani et al., 2009 ). Other studies have also indicated that white grape juices have mutagenic activity in strains of Salmonella typhimurium in the Ames test (Patrineli et al., 1996a,b) .
Due to the high levels of total phenolic compounds, the oxidation can occur producing quinones with subsequent conversion to semiquinones by electron reduction. These radicals can either interact directly with DNA or produce reactive oxygen species that can cause oxidative stress and DNA damage (Lee et al., 1992; Monks et al., 1991) .
According to Patrineli et al. (1996b) , polyphenol oxidase catalyzes the oxidation of phenolic compounds in grapes, which produces substances that can cause damages responsible for the mutagenicity of grape juices in the Ames test. Quercetin is a substance with mutagenic activity that occurs naturally in grapes. Table 2 . Statistical analysis, according to Munson and Goodhead (1977) , of mutation frequencies obtained by treatment of biA1methG1 conidia with grape juice of Vênus (T1), BRS Violeta (T2), frozen juice of Isabel (T3), fresh juice of Isabel (T4) and resveratrol solution (T5).
Treatment mutation frequency is represented by linear inclination (m T ) and spontaneous mutation of control is represented by m C . *Statistically significant.
It is possible that concentrations of resveratrol of 1 mg/mL or higher contribute to overcoming the possible mutagenic effect of the compounds present in grape juice. In fact, the results for the cultivar with this concentration were antimutagenic. The same results were obtained with the resveratrol solution at the same concentration.
According to Fuleki and Ricardo-Da-Silva (2003) , the pressing method in the grape juice production process has a great effect on the formation of resveratrol. However, the cultivar has a greater influence on the concentration of resveratrol than the vintage.
Based on the above published studies and the present results, it is important to select cultivars that contain large quantities of resveratrol to obtain the desired antimutagenic effect.
